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Investigations carried out during recent years have shown that the 
biological characteristics known since Landsteiner's discoveryas blood 
groups concern the entire organism  and not only the blood.  Group 
specific substances have been found in alcoholic and in watery extracts 
of organs of man  and  animals  (1-3).  The  quantitative  distribution 
of group properties, however, is quite different in various organs  (4). 
Especially rich in group substances are, for instance,  kidneys, lungs, 
pancreas,  and the mucous membranes of the intestinal  tract; on the 
other hand  the brain  contains only traces of the substances,  if any. 
Moreover, they are found not only in the tissues of the organism, but 
also in its secretions.  Here also we encounter great differences in the 
concentration  of group  properties.  Thus  the  spinal  fluid  is  almost 
free of group substances, while saliva and stomach juice generally are 
rich in them.  They are constantly excreted with the urine.  Hence, 
continuous regeneration of group substances must take place. 
In view of the high content of the stomach juice in group specific substances it 
has been surprising to find that the feces are lacking in these properties. 1  Schiff 
and coworkers (7, 8) showed that  aqueous extracts  of feces (as well as saliva) 
destroy the group specific  properties.  It is possible to obtain Berkefeld filtrates of 
feces which also destroy the group specific substances (9,  10).  The activity of 
feces extracts toward the group specific properties is attributed by Schiff and his 
coworkers to the presence of a specific blood group property destroying enzyme 
which is produced by the body itself.  Many facts, however, seem to speak against 
1  This statement is not affected by the fact that small amounts of group specific 
substances can be demonstrated in feces by means of special methods as described 
recently by Hodyo (5) and Moharrem (6). 
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the assumption that the blood group destroying agent is a secretion product of the 
body such as pepsin or trypsin.  Witebsky and Satoh found that an increase of the 
blood group property destroying agent obtained from saliva takes place in pro- 
gressive transplantation (chain experiments) in which a mixture of serum and egg 
white was used as medium.  An increase up to 2,000 times the original amount of 
the blood group destroying factors was found.  In corroboration of these findings 
Sievers  (11, 12) reported an increase in effectiveness  of the blood group property 
destroying agent up to 1 million of the original strength.  Sievers used broth as 
the medium.  Although we cannot make any definite statement concerning the 
origin of the blood group destroying agent we have to consider the possibility of its 
derivation  from microorganisms or  their  growth  products.  Very recently  the 
destruction of blood group specific substances by microorganisms has been de- 
scribed.  A Myxobacterium isolated from vegetable sources by Morgan and Thay- 
sen,  was found effective against the group specific substance A  by  Landsteiner 
and  Chase  (13).  Schiff  (14) observed the  destruction  of blood  group  specific 
substances by B. welchii. 
The following experiments deal with whether  the agent destroying 
the blood group property occurs in the entire intestinal tract or only in 
parts of it.  Inasmuch as there appears to be only a  brief reference in 
the literature  to  the presence of blood group  specific substance A  in 
the content of the jejunum (7), an attempt has also been made by us to 
determine in which part of the intestinal tract the blood group proper- 
ties themselves are present. 
Material 
Extracts of intestinal content were prepared in the following  way:  One part 
of the material was mixed with 10 parts of physiological salt solution.  When the 
specimens were solid  the mixture of saline and feces was shaken thoroughly in a 
shaking apparatus for about 20 to 30 minutes and then centrifuged. 
Method 
Several methods are available to determine the presence or absence of group 
properties.  In the following  experiments the so called hemolysis inhibition test 
was mostly used.  This test is based on the fact that a group specific A-antiserum 
is rich in sheep cell hemolysins.  By mixing dilutions of group specific A-antiserum 
with A  containing  material,  the  group specific  antibodies are fixed  and  simul- 
taneously the sheep cell hemolysins are bound.  Hemolysis of subsequently added 
sheep cells is thus prevented. 
To determine the presence of blood group destroying agent, its action toward 
peptone has been used.  Witte peptone (1 per cent) known to contain A substance 
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Experimental 
Experiment  1.  Quantitative Determination of Group Substance A  in the Content 
of Various Parts of the Intestinal Tract.--The experiment was set up as follows: 
Decreasing amounts  (volume 0.2 cc.) of extracts  ~ of the contents of (a)  jejunum, 
(b)  middle ileum, (c) lower ileum,  (d)  ascending colon,  (e) descending colon were 
mixed with 0.2  cc.  of a  suitable  dilution of a  group  specific A-antiserum.  The 
mixtures were incubated at room temperature for 20 minutes.  Then 0.2 cc. of a 
5 per cent sheep cell suspension and 0.2 cc. of guinea pig serum in a  dilution of 1 
TABLE  I 
Hemolysis of Sheep Cells by Complement and A-Antiserum after Treatment 
of the Latter with Intestinal  Content Extracts 
Amount of 
extract of 
intestinal 
content 
0.2 
0.04 
0.008 
0.0016 
0.00032 
0.000064 
0.0000128 
0.00000256 
0 
(a) Jejunum 
0  0 
0  0 
0  0 
0  0 
0  tr. 
0  c. 
aC.  C. 
aC.  C. 
C.  C. 
(b) Middle 
ileum 
a 
0  0 
0  0 
0  0 
0  0 
0  m. 
tr.  c. 
ac.  C. 
C.  C. 
C.  C. 
(c) Lower 
ileum 
a  # 
o  o 
o  o 
tr.  c. 
In.  c. 
&c.  c. 
c.  C. 
£.  c. 
C.  c. 
C.  c. 
(d) Ascending 
colon 
a  a 
0  c. 
m.  c. 
ac.  c. 
C.  C. 
C.  C. 
C.  C. 
C.  C. 
C.  C. 
C.  C. 
(e) Descending 
colon 
a  # 
tr  c. 
ac  c. 
c.  c. 
£.  o. 
£.  c. 
£.  c. 
c.  c. 
c.  C. 
C.  c. 
a  --- hemolysis after 20 minutes. 
--- hemolysis after 40 minutes. 
e.  ~- complete hemolysis. 
ac.  =  almost complete hemolysis. 
m.  =  moderate hemolysis. 
tr.  =  traces of hemolysis. 
0  =  no hemolysis. 
to  10 were added.  The resulting hemolysis was noted  (a)  after 20 minutes,  (8) 
after 2 hours, incubation at 37°C. (Table I). 
As is seen from Table  I,  the  contents  of  the  jejunum  as well  as 
that of the middle ileum are rich in group specific substance A.  The 
lower ileum  contains only a moderate amount  of A substance,  while 
Before the experiment was set up the extracts were kept in a  water  bath at 
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the  colon  contents  are  almost  completely  free.  The  experiment 
shows a  steady decrease in A  substance  in  the intestinal  contents  in 
adults, from above downwards. 
Similar results were obtained in many cases  (with a  few exceptions 
which  will  be  described  below)  quite  independent  of  the  disease. 
Thus  the described distribution  of the group specific A  substance in 
the contents of the intestinal tract may be called a  physiological one. 
Experiment  2.  Quantitative Determination of Blood Group Property Destroying 
Factors in the Contents of Various Parts of the Intestinal  Tract.--For the quantita- 
TABLE  II 
Hemolysis  of Sheep  Cells by  Complement and  Group Specific  A-Antiserum  after 
Treatment of the Latter with a Mixture of Peptone and Intestinal  Content Extracts 
Amount of 
peptone-extract 
mixture 
0.25 
0.125 
0.0625 
0.03125 
0.0156 
0.0078 
0 
(a) Jejunum 
a 
0  0 
o  o 
o  o 
o  0 
o  tr. 
m.  ac. 
C.  c. 
(b) Terminal 
ileum 
0  c. 
tr.  c.  t 
Ill.  C. 
&C.  C. 
C.  C. 
e.  C. 
c.  c. 
(c) Cecum 
C.  C. 
C.  C. 
C.  C. 
C.  C. 
C.  C. 
C.  C. 
C.  C. 
(d) Sigmoid 
C.  C, 
C.  C, 
C.  C. 
C.  C. 
C.  C. 
C.  C. 
C.  C. 
(e) Peptone 
control 
o  o 
o  o 
o  o 
o  o 
tr.  m. 
m.  ac. 
c.  C. 
a  =  hemolysis after 15 minutes. 
t~  =  hemolysis after 2 hours. 
tive determination of the blood group destroying agent its action upon Witte 
peptone was used in the following way:  1 cc. each of an extract of contents from the 
(a) jejunum, (b) terminal ileum,  (c) cecum,  (d) sigmoid, obtained from a person 
belonging to Group O as well as (e) saline control were mixed with 1 cc. of 1 per 
cent Witte peptone solution and incubated at 37°C.  The resulting hemolysis is 
shown in Table II. 
Table II shows that the mixture of peptone and jejunum contents 
reacts  as  strongly  as  the  peptone  itself  upon  the  group specific A- 
antiserum.  The mixture of peptone and terminal ileum content dis- 
plays only a  moderate inhibition of hemolysis.  The cecum and sig- 
mold  content-peptone  mixtures  proved  absolutely  negative.  This ERNST  WITEBSKY  AND  ERWIN  NETER  593 
means that the blood group property destroying factors first appear in 
the terminal ileum and that their effectiveness  increases in the cecum? 
In a few cases, however, intestinal content extracts from the lower 
part of the ileum displayed slight potency only, or even proved to be 
ineffective.  In  these  cases  the  blood  group  destroying agent was 
found first in the content of the cecum and of the colon. 
The comparison of the distribution of the A substance in the content 
of the intestinal tract (see Table I) with that of the blood group prop- 
erty destroying factors (see Table II) displays a close parallelism in the 
disappearance of the blood group substance on the one hand and the 
increase in blood group destroying agent on the other. 
Experiment 3.  Simultaneous Presence of Blood Group Specific  Sub- 
stance A  and Blood Group Destroying Factors within the Intestinal Tract. 
--The question arose whether a simultaneous presence of blood group 
substance and blood group destroying factors occurs anywhere in the 
intestinal tract.  To elucidate this question blood group substance A 
as  well  as  blood  group  destroying agent  were  determined in  the 
various parts of the intestinal tract of a person belonging to Group A. 
The titration of the A substance was done as in Experiment 1, that of 
the blood group destroying agent as in Experiment 2.  The results are 
given in TaMes III and IV. 
As in the case of the findings in Experiment 1, Table III shows that 
the contents of jejunum and ileum are rich in group specific A sub- 
stance,  while the  cecum contains only moderate amounts and  the 
content of the sigmoid is completely lacking in A substance. 
Table IV shows that the extracts from the large intestine are not only 
free of A substance, but they even destroy the A substance of peptone. 
On the other hand the extracts of the jejunum and the ileum content 
do not exhibit any blood group destroying power.  The cecum content 
extract, however, contains blood group destroying agent  as  well as 
blood group substance A, although the latter seems to be present in 
relatively small amounts only.  This observation resembles Witebsky 
and Satoh's demonstration  of the simultaneous existence of blood group 
substance and blood group destroying factors in the feces of rabbits. 
8  In all the experiments  the group specific  nature of the inhibition of the sheep 
cell hemolysis was  controlled by  simultaneous examination with sheep cell 
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Experiment  4.  The  Influence  of  Time  on  the  Effectiveness  of  the 
Blood  Group  Property  Destroying  Factors.--It  is  known  from  the 
study  of  the  blood  group  property  destroying  agent  that  the  time 
TABLE  III 
Hemolysis of Sheep Cells by Complement and Group Specific A-Antiserum 
after Treatment of the Latter with Intestinal Content Extract 
Amount of 
intestlnaI 
content 
extract 
02 
0.1 
0.05 
0,025 
0.0125 
0,00625 
0 
(.a).Upper 
jejunum 
0  0 
0  0 
o 
0 
o 
o 
C. 
(.b) Lower 
~ejunum 
a 
0  0 
0  0 
0  0  0 
0  0  0 
0  0  0 
0  0  0 
C.  C.  C. 
(c) Ileum 
0  0 
0  0 
0  0 
o  o 
o  o 
o  o 
C.  £. 
(d) Cecum 
0  m. 
tr.  m. 
II1.  m. 
In.  ac. 
m.  a,c. 
ii1.  C, 
£.  C. 
(e) Sigmoid 
C.  C. 
{2.  C. 
C.  C. 
C.  C. 
C.  C. 
C,  C. 
C.  C. 
a  =  hemolysis after 20 minutes. 
#  =  hemolysis after 40 minutes. 
TABLE  IV 
Hemolysis of Sheep Cells by  Complement and Group Specific A-Antiserum  after 
Treatment of the Latter with a Mixture of Peptone and Intestinal Content Extract 
Amount of 
peptone-  (a.).Upper  (b) Lower  (c) Ileum  (d) Cecum  (e) Sigmold  (f) Peptone 
extract  jejunum  jejunum  control 
mixture 
0.2 
0.1 
0.05 
0.025 
0.0125 
0.00625 
0 
a  o 
o  o 
o  o 
o  o 
0  0 
0  0 
0  0 
£.  C. 
0  0 
o  o 
o  o 
0  0 
0  0 
0  0 
C.  C. 
0  0 
0  0 
o  o 
o  o 
o  o 
o  o 
C.  C. 
a 
tr.  In. 
m.  ac. 
m.  ac. 
ac.  c. 
c.  c. 
c.  C. 
c.  c. 
Ill.  C. 
m.  C. 
In.  ]  C. 
a,c.  C. 
ac.  c. 
.  c. 
c. 
0  0 
0  0 
0  0 
0  o 
111.  1TI. 
aC.  C. 
C.  C. 
=  hemolysis after 15 minutes. 
t~  =  hemolysis after 40 minutes. 
[actor  plays  an  important  r61e  in  its  effectiveness.  Therefore,  the 
question  arose  as  to  whether  or  not  it  is  possible  to  demonstrate 
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shortening of  the incubation  period.  The  following  experiment  was 
set up. 
Equal amounts of extracts of the content of  (a)  jejunum, (b)  middle ileum, 
(e)  terminal  ileum, (d)  colon, (e) physiological saline  as control were mixed with 
Witte peptone (1 per cent solution) and incubated for (a) 3 hours at 37°C., (b) 15 
hours at 37°C.  The mixtures were then heated for 10 minutes in a water bath at 
65-70°C.  The titration of the A content of the various mixtures was done as in 
Experiment 2.  The results are given in Table V. 
TABLE  V 
Hemolysis of Sheep Cells by Complement and Group Specific A-Antiserum  after 
Treatment of the Latter with a Mixture of Peptone and Intestinal Content Extract 
(a) Incubation  time 3  hrs.  at 37°C. 
Amount of 
peptone-extract 
mixture 
0.067 
0.0233 
0.0078 
0 
(a) Jejunum 
o  o 
o  o 
In.  C. 
C.  e. 
(b) Middle 
ileum 
o  o 
o  o 
In.  C. 
C.  C. 
(c) Terminal 
ileum 
a  # 
0  c. 
m.  c. 
c.  c. 
c.  c. 
(d)  Colon 
a  t~ 
C.  C. 
C.  C. 
C.  C. 
C.  C. 
(e) Peptone 
control 
o  o 
o  o 
m.  c. 
c.  c. 
(b)  Incubation time 15  hrs.  at  37°C. 
0.067 
0.0233 
0.0078 
0 
ot 
o 
o 
m. 
C. 
# 
0 
o 
C, 
C, 
a 
o  0 
0  o 
In.  c. 
e.  c. 
cx 
8.C, 
C. 
C. 
C. 
e. 
c, 
c. 
c. 
a 
C. 
C. 
C. 
C. 
# 
C. 
C 
C. 
C. 
ol 
o 
o 
m. 
c. 
# 
o 
o 
C. 
C. 
a  =  hemolysis after 20 minutes. 
#  =  hemolysis after 2 hours. 
As is seen from Table V  there is a marked difference in the effective- 
ness of the terminal ileum content extract depending upon the incuba- 
tion period.  After  an incubation of  3  hours the A  substance  of  the 
peptone is partly destroyed by the blood group destroying agent, while 
after  15  hours incubation  the A  quality has completely  disappeared. 
The blood group destroying agent from  the colon, however,  destroys 
the entire A  content of the peptone after 3 hours incubation.  On the 
other  hand,  there  is  no  trace  of  blood  group  property  destroying 
activity  to be found in the extracts of the jejunum and central ileum 
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It follows from the experiments mentioned above that there is no 
abrupt increase in the concentration of the blood group  destroying 
agent  in  any  given  site  of  the  intestinal  tract.  Its  concentration 
increases rather gradually.  It can be found first in low concentration 
in the lower part of the ileum and reaches its highest potency within 
the large intestine. 
Experiment  5.  Distribution of Blood Group Property Destroying 
Factors in  Cases with Intestinal  Involvement.--The  above  described 
characteristic distribution of the blood group destroying agent in the 
contents of the intestinal tract differed in a  few cases with intestinal 
abnormalities.  Two are of special interest. 
The first was a carcinoma of the rectum with a colonic fistula, the second a 
stricture in the lower part of the  colon due to lymphogranuloma.  Intestinal 
contents from two tumor cases without  involvement of intestine were used for 
control experiments,  one was a case  of chorionepithelioma;  the other a case of tumor 
of the lungs.  The experiment itself was carried out as described  in Experiment 2. 
Specimens of the content of the following  parts of the intestinal tract were exam- 
ined: (a) jejunum, (b) upper ileum, (c) terminal ileum, (d) cecum.  These  extracts 
were mixed  with equal amounts of 1 per cent Witte peptone solution and kept over- 
night in the incubator at 37°C.  Then the mixtures were heated and the A content 
determined as described above.  The results are given in Table VI. 
Table VI shows that the content of the  jejunum as well as of the 
ileum in  two  cases with intestinal involvement (colonic fistula and 
stricture  due  to  lymphogranulomatosis, respectively)  displayed  a 
marked  blood  group  destroying capacity.  On  the  other  hand  the 
corresponding specimens of the tumor cases without intestinal involve- 
ment were completely ineffective. 
DISCUSSION 
The experiments reported in the present paper show that the con- 
tents of the upper intestinal tract (jejunum and upper ileum) of man 
belonging to Group A are usually rich in group specific substances. 
The steady decrease in group specific substances in the intestinal 
tract in adults runs parallel to the increase in blood group property 
destroying power.  Thus a  link exists between the disappearance of 
group  properties  and  the  appearance  of  the  blood  group  property 
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in which the effectiveness of the blood group destroying agent has not 
yet reached  its  complete power,  so that  a  certain  amount  of group 
specific substance may be still present.  This usually happens in the 
lower part of the ileum or in the cecum. 
It is known that not all persons belonging to  Group A  excrete the 
group  properties  in  their  saliva.  It  is  necessary  therefore  to  find 
whether  or  not  similar  differences  are  encountered  concerning  the 
presence of group qualities in the content of the intestinal tract. 
TABLE  VI 
Hemolysis of Sheep Cells by  Complement and Group Specific  A-Antiserum  after 
Treatment of the Latter with a Mixture of Peptone and Intestinal  Content Extract 
(a)  Lymphogranulomatosis  with  stricture  in  rectum 
Amount of 
peptone-extract 
mixture 
0.067 
O. 0233 
0.0078 
0 
(a)  Jejunum 
I'll,  C• 
EtC,  C, 
C.  C. 
C.  C. 
(b) Upper 
ileum 
m,  c. 
ac  c. 
c.  c. 
c.  c, 
(s) Terminal 
ileura 
a 
m  c. 
aC  C. 
C.  C. 
C.  C. 
(d) Cecum 
a 
m  c. 
&C  C. 
C.  C. 
C.  C. 
(e) Peptone 
control 
a 
o  o 
o  o 
tr.  m. 
C.  C. 
(b) Rectum carcinoma-colon fistula 
O. 067 
O. 023 
O. 0078 
0 
a 
m. 
aC. 
C. 
C. 
•  In• 
C.  &c. 
C.  C. 
C.  C. 
•  ~c  a  •  m. 
c.  a,c. 
C.  C. 
C.  C. 
a 
c.  m. 
c.  ~tc. 
c•  c• 
c.  c• 
# 
C., 
C, 
C. 
C. 
a 
0  0 
0  0 
tr.  m. 
C.  C. 
a  = hemolysis after 15 minutes. 
#  = hemolysis after 1 hour. 
A marked change in the above described distribution of blood group 
substance  and  blood group  destroying  agent  in  the  content  of  the 
intestinal  tract  was found in two cases with intestinal  involvement. 
It is very likely, however, that the presence of the blood group destroy- 
ing agent in the jejunum of these cases is not due to the actual disease 
but  to  mechanical  obstruction•  Further  studies  are  necessary  to 
elucidate  the  question as to whether  there  is a  relation  between an 
abnormal  bacterial  invasion  of  the  upper  intestinal  tract  and  the 
appearance of blood group property destroying factors.  Other cases 598  BLOOD  GROUP PROPERTY DESTROYING FACTORS 
with  intestinal diseases  have not been available  thus far.  Special 
attention  should  be  given  to  pernicious anemia and  related forms 
of anemia. 
SUMMARY 
1.  The blood group specific substance A is present in the contents 
of the jejunum and upper ileum of persons belonging to Group A. 
2.  A marked decrease in the amount of A substance occurs in the 
lower ileum and cecum, while colon and rectum contents of adults are 
more or less free of group substance A. 
3.  The blood group destroying agent first appears in the lower ileum 
or cecum and its effectiveness increases in the lower parts of the large 
intestine. 
4.  In two cases with intestinal obstruction the blood group destroy- 
ing agent could be demonstrated in the contents of the jejunum and 
ileum. 
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